A retrospective cohort mortality study was carried out in 20 industrial factories in the Local Health Unit Bologna Sud (Emilia Romagna, Italy), where different rubber and plastics products were manufactured. The cohort consisted of 925 subjects (578 males and 347 females) employed for at least six months continuously; follow-up was between the beginning of operation of each factory, ranging between mid fifties and mid seventies, and 31 December 1989. For those exposed more than one year cause specific Standardized Mortality Ratios (SMRs) were computed using regional rates for comparison, 90% confidence intervals (Cl) were calculated assuming the Poisson distribution. Among the 748 subjects employed for more than one year (457 males and 291 females) there were no lost to follow-up, 54 individuals were dead (41 males and 13 females) and for three subjects the cause of death was unknown. The results showed that all causes mortality was above expectancy in the total cohort (SMR = 123; 54 Obs; 90% Cl = 97-154), among males (SMR = 117; 41 Obs; 90% Cl = 89-152) and females (SMR = 143; 13 Obs; 90% Cl = 85-228). Increased mortality for all malignant tumours was observed in the total cohort (SMR = 150; 25 Obs; 90% Cl = 104-209) and for both genders. All nine lung cancer cases were observed among males, the SMR was equal to 218 and was statistically significant; seven cases occurred at duration of exposure less than 10 years and six at latency up to 20 years. The interpretation in terms of causality of the present investigation is limited by the small number of observations and by exposure definition solely in terms of employment in the study factories; nonetheless the results are indicating the existence, in this group of rubber and plastics product makers, of an adverse health effect which deserve further investigation.
INTRODUCTION
The manufacture of plastics and rubber products entails exposure to a number of chemical agents and the generation of a large number of compounds whose A number of epidemiological studies have been conducted in rubber production and on the basis of their results in 1982 the International Agency for Research on Cancer 1 classified the rubber industry as entailing exposures that are carcinogenic to humans (Group 1); the basis of the evaluation was sufficient evidence for excess mortality from cancer of the bladder, stomach, lung and leukaemia in rubber workers, for causal association with occupational exposures the evidence was sufficient for bladder cancer and leukaemia and limited for lung and stomach cancer.
A number of epidemiological investigations were published following the 1982 IARC evaluation. The mortality experienced by a cohort of British rubber workers, with job titles ranging from storing of crude materials to packaging of finished goods, was studied for the years 1946-80 2 and updated for the years 1946-85: 3 significantly increased mortality was detected for cancer of the pharynx, oesophagus, stomach and lung. Two cohort investigations in the production of various rubber goods were completed in Poland 4 and in Moscow; 5 the first one showed an increase for all malignant neoplasms, lung cancer and gallbladder; the second one detected a statistically significant increase in all cancers and brain cancer incidence among males and for laryngeal tumours among females. The cancer mortality study of German rubber workers 6 showed, for the years 1981-1991, a statistical significant increase for all cancers and for lung and pleural cancer, together with an increment for cancers of the pharynx, oesophagus, stomach, rectum, larynx, prostate, bladder and leukaemia.
The cohort study in two Swedish plants producing tires and industrial rubber goods 7 showed a significant increase in lung cancer incidence for latency of 10 or more years, together with an increase for cancer of the liver and of the pancreas. Among manufactures of rubber goods (hoses, belts, golf balls, rubber bands and molded rubber products) in the US was detected increased mortality from lymphoma, multiple myeloma and bladder cancer. 8 In the aerospace division of the same company increased risk was observed for lung cancer, bladder cancer and leukaemia. 9 Case-control studies in the US showed an increase in mortality from lung cancer, 10 skin cancer 11 and lymphocytic leukaemia 12 in association with exposure to chemicals present in the tyre and rubber industry.
In Italy among rubber tyre workers increased mortality was registered for prostate cancer 13 and for bladder cancer.
14 An etiologic role in the development of laryngeal tumours was suggested from a surveillance study in a factory moulding thermoplastics resins. 15 Epidemiological studies, some of which showing an increased mortality for lung cancer, were also conducted in relation to exposure to agents such as ethyl acrylate, methyl metacrylate, styrene and formaldehyde 16 " 20 in the context of production of rubber and/or plastics goods. Little is known from epidemiological studies about the carcinogenic action of polyvinylchloride when used in the manufacture of plastics products, while its carcinogenic action on the liver has been shown among extruders of the polymer. In summary, following the IARC evaluation excess mortality was substantiated for lung, bladder and leukaemia and an increase for laryngeal cancer, mainly in the rubber industry, was observed.
The aim of the present study is to investigate mortality pattern of workers in plastics and rubber products manufacture; to this end a retrospective cohort mortality study was carried out in 20 factory units located in the area of the Local Health Unit Bologna Sud (Emilia Romagna, Italy) .In 1981 in Italy 60% of the workforce in this production sector was active in factories with less than 50 employees; nineteen out of twenty production units included in this study had less than 50 employees, twelve had started operation from 1970 onwards.
hi the twenty factories production processes start with different chemical products consisting of polymers, natural and artificial rubbers followed by the addition of additives, (i.e., pigments, lubricants, stabilizers), antioxidants and plasticizers. The mixture is then heated at the appropriate temperature, often above 160°C, and the resulting fluid is either pressed in moulds or extruded, finally the products are cut, refined and assembled. The factories are similar in terms of a series of characteristics, such as production cycles, work activities, plant systems, substances used and final products, among these: rubber technical products for health appliances, plastic furniture, sheets and pipes for the manufacturing industry, packing materials and various plastics goods; production of tires and tire vulcanization were not present. Table 1 and 2 contain some background information; Table 1 provides, for some of the plastic materials used, data on consumption, number of exposed workers and number of factories as registered during a cross-sectional survey in 1988; Table 2 lists the thermodegradation products from some of the plastics materials, the classification as to their carcinogenicity according to the International Agency for Research on Cancer is also given.
hi summary, the multiple exposures experienced by these workers, from the starting chemical/s, additives and chemicals formed during curing, determine a complex exposure pattern often changing qualitatively and quantitatively over time in response to market requests. The exposure pattern as described above, together with the ascertained or suspected carcinogenicity of several agents, the scarcity of ad hoc epidemiological studies in small scale factories similar to the ones included in the study, provided the rationale for the present investigation.
METHODS
The cohort consisted of a total of 925 subjects (578 males and 347 females) employed for at least six continuous months in the 20 factories included in the study. Follow-up was between the start of operation of each factory and 31 December 1989, year of starting operation ranged between mid fifties and mid seventies. Individual data were abstracted from payrolls.
For all subjects not employed at the end of follow-up (31 December 1989), vital status was ascertained through the registrar's office at the place of residence and/or death. The cause of death was coded by a trained nosologist following the rules of the ICD Revision at the time of death and cross checked with the National Death Index for the years 1980-89.
E. letri ef al.: Rubber and plastics products makers' mortaBty 419 Standardized mortality ratios (SMRs) were computed using OCMAP 23 and mortality rates for the population resident in Emilia Romagna were applied for comparison; for each SMR value 90% confidence intervals (CI) were calculated on the assumption of the Poisson distribution. To decrease the impression of falsely negative results which could possibly arise from the inherent limitations in study size, 24 in planning the analysis it was decided to use 90% confidence intervals (CI) for the SMRs. This decision was adopted on a priori grounds, and no confidence intervals associated with lower levels of type I error {e.g., 95% CI and 99% CI) were estimated.
To account for possible difference in mortality between short-term and long term employees, the analysis was carried out for workers employed less and more than 1 year and the results are given for those employed for more than one year. No analysis was carried out by factory or by specific exposure/s in consideration of the complex exposure profile differing between factories and also varying in time within a single factory. Table 3 describes the cohort in terms of results of follow-up and distribution of person-years by age, duration of employment and latency for subjects employed less and more than 1 year. The cohort Females (Obs)
RESULTS
(1) (D (2) 0) (4) (D includes 925 subjects (578 males and 347 females), 177 and 748 of them had respectively less than 1 and more than 1 year of employment duration. Among those employed for more than 1 year, 694 were alive on 31 December 1989; 54 deaths had occurred (41 males and 13 females). Cause of death was unknown for three individuals; vital status was ascertained for all cohort members; mean age at first exposure was 29 years in both genders combined, 32 and 26 years respectively among males and females. A total of nine deaths occurred among workers employed for less than 1 year (SMR = 147), two cases of malignant tumours in males (SMR = 110), two liver cirrhosis among males (SMR = 857, 90% CI = 152-2698) and two violent causes (SMR = 209) in both genders combined. Table 4 describes the results for cohort members employed for more than 1 year, total, males and females. In both genders combined mortality for all causes was above expectation (SMR = 123; 54 observed [Obs] ) and mortality for all malignant neoplasms was increased reaching statistical significance (SMR = 150; 25 Obs). Standardized mortality ratios were above unity for cancer of digestive (SMR = 107; 6 Obs) and lymphohematopoietic system (SMR = 148; 2 Obs). For diseases of the circulatory system there E letri et a/.: Rubber and plastics products makers' mortality 421 was no increase (SMR = 97; 13 Obs); three cases of liver cirrhosis resulted in an SMR of 155. Also mortality from violent causes was above expectation (SMR = 123; 7 Obs).
In the male component of the cohort all causes and all malignant neoplasms mortality was above expectation with, respectively, SMRs values equal to 117 (41 Obs) and 151 (19 Obs). Lung cancer mortality was increased and reached statistical significance (SMR = 218; 9 Obs; 90% CI = 114-381); SMRs were above unity for a number of cancer sites including intestine (SMR= 198; 2 Obs), prostate (SMR = 274; 1 Obs) and lymphoemopoietic system (SMR = 208; 2 Obs). Observed mortality from liver cirrhosis (SMR = 120; 2 Obs) and violent causes (SMR = 130; 6 Obs) was higher than expected.
Among females observed mortality was above expected for all causes (SMR =143; 13 Obs), all malignant neoplasms (SMR = 146; 6 Obs), neoplasms of the digestive system (SMR = 170; 2 Obs) and of the breast (SMR = 186; 2 Obs). SMRs for diseases of the circulatory system (SMR = 189; 4 Obs) and liver cirrhosis (SMR = 370; 1 Obs) were above unity.
Mortality from lung cancer among males employed for more than 1 year increased with increasing latency: SMR values for latency less than and greater than 20 years were respectively 186 (6 Obs) and 331 (3 Obs). For duration of exposure an apparently inverse relation was observed. Looking at the work experience of the lung cancer cases, no common exposure could be identified either in terms of specific chemical/s, production process or plant.
DISCUSSION
The results of the present investigation are commented first of all at the light of validity issues.
Cohort members were enumerated from payroll lists, an independent and complete source of individual data. Ascertaiment of vital status was completed for all subject and the cause of death was unknown for three individuals.
The 'healthy worker effect' (HWE) phenomenon was not present in this cohort as overall mortality was increased in both sexes and in the total cohort, reaching statistical significance in the latter. Health selection at entry, which could partially account for the HWE, in Italy was a common practice for employees in large industrial factory units but not for this workforce, mainly active in small-scale enterprises.
The observation of increased mortality from liver cirrhosis and accidents could be interpreted as an indication of a low socioeconomic status of the cohort, this could explain the absence of the HWE and suggest adjustment for 'social class': such an adjustment has however been questioned 25 when used to compare workers in a particular occupation with other workers in the same social class, this is the case of chemical workers in Italy, as shown from occupational surveillance and analytical investigations. 26 ' 27 In the present study smoking habits were not accounted for in the analysis, as in the majority of cohort study; all lung cancer deaths were among males, mortality was above expectancy (SMR = 218) and reached statistical significance. For smoking as a confounder, it has been pointed that only large deviations in the smoking habits of the exposed vs. non exposed populations explain the excess lung cancer risk. 28 The large increase in risk observed for lung cancer, its relationship with latency, together with the absence of increased mortality from smoking-related diseases 18 (diseases of the circulatory and respiratory system) weight against the role of smoking as a confounder. An increased risk for lung cancer was also detected in previous investigations, 2 ' 4 ' 6 ' 7 albeit in industrial settings not entirely comparable with those of the present study.
For mortality from non-cancer causes the increase, only among females, of diseases of the circulatory system should be further investigated, together with mortality from accidents which showed a homogeneous increase among cohort members.
The present cohort includes subjects employed in 20 different industrial factory units: data collection procedure and ascertainment of vital status was completed following a common protocol and applying the standard national and international protocols. Therefore the pooling strategy and analysis satisfy the criteria for interpreting the results in a common way. 29 The main limitation of the present study does not rest on validity issues; it has to do with the relatively small number of cohort members (748 individuals) and the small number of expected events (44 deaths), in summary a low study power, this fact could partly explain the absence of bladder cancer cases, frequently observed in the rubber industry. In addition, the characteristics of the study cohort in terms of time variables (a follow-up period of 19 years, 56% of person years of age less than 40, 80% of person years with less than 10 years duration and 76% of person years with less than 20 years latency) pose a major limitation in causally interpreting the study results. This is particularly so in the case of lung cancer showing an inconsistent relationship with duration and a doubling in risk not completely accounted for by smoking as a confounder.
Definition of exposure only as 'having been employed for at least six months in one of the factories' is an additional limitation for the interpretation of the results for clarifying the role of different exposures. The observed elevated age at first exposure (32 years among males and 26 years among females), point to the possibility of. previous occupational exposures with a potential action as confounder of the observed associations.
The interpretation in terms of causality of the present investigation suffers from the limitations discussed above, the results are however indicating the existence of an adverse health effect, specifically lung cancer, in this cohort of rubber and plastics product makers, which cannot be dismissed given the validity of the study. Therefore, at the light of the above considerations, we think it advisable to update the follow-up of the present study and to carry out additional investigations in the same economic sector, possibly planning a pooled investigation, both in Italy and abroad.
